named after Professor V.F. Voino-Yasenetsky, 1 Partizana Zheleznyak St., Krasnoyarsk, 660022, Russian Federation Spinocerebellar ataxia type 1 (SCA1) is a progressive neurodegenerative disease that presents with cerebellar ataxia and motor learning defects. Previously, we examined a mouse model of SCA1 and found a progressive functional impairment of metabotropic glutamate receptor (mGluR) signaling including dendritic Ca 2+ signals and a consequent loss of short-and long-term synaptic plasticity at parallel fiber-Purkinje cell synapses in the early disease stage (12 postnatal weeks) prior to Purkinje cell death. According to this findings we suspected that enhancement of mGluR signaling by virus expression of mGluR1 selectively in Purkinje cells should lead to an improvement of motor performance in SCA1 mice. For this aim we construct viruses in a head of adeno-associated virus and murine stem cell virus promoters expressing mGluR1 and green fluorescent protein. Unfortunately, overexpression of this gene constructs gives the opposite effect. Examination of this phenomena leads to understanding of mGluR1 dependent mechanisms of dendritic arborization, synaptogenesis and synaptic plasticity in Purkinje cells. Thus, we found that mGluR1 signaling is a critical but not unique molecular in SCA1 pathogenesis. Also this negative result shows the complicity and ambiguousness of virus therapy benefit.
Introduction. Spinocerebellar ataxia type 1 (SCA1) is an inherited neurodegenerative disease, caused by a mutant Ataxin-1 gene with an abnormally expanded polyglutamine tract. SCA1 exhibits cerebellar ataxia and motor learning defects in a progressive manner [1] . SCA1 pathogenesis is closely related to gene regulation by the transcription factor, retinoid-related orphan receptor α (RORα), which is abundantly expressed in cerebellar Purkinje cells (PCs). Normal Ataxin-1 forms a transcriptional complex with RORα via the transcriptional coactivator Tip60 and this complex transactivates RORα target genes. The mutant Ataxin-1 prevents its interaction with RORα and enhances RORα degradation with unknown mechanisms, causing a subsequent decrease in RORα-mediated gene expression [2] . Reasonably, downregulated gene sets in SCA1 model mice overlap considerably with those in mice with classical RORαdeficient mutation, 'staggerer' [2] , which causes congenital ataxia and cerebellar hypoplasia [3] .
Our previous study showed that metabotropic glutamate receptor type 1 (mGluR1)-mediated signaling at cerebellar parallel fiber (PF)-Purkinje cell (PC) synapses is completely disrupted in homozygous 'staggerer' mutant and partially disrupted in transgenic SCA1 mice [4, 5] , which is essential for proper motor coordination and learning [6, 7] . In the present study, we tried to rescue Experience of mGluR1 Gene Therapy in Transgenic Models of SCA1 Mice ataxic phenotype in young transgenic SCA1 model mice develop impairment of mGluR1-mediated responses at PF-PC synapses in a progressive manner before PC death [1] . For this aim we produced virus constructions in a head of adeno-associated virus (AAV) and murine stem cell virus (MSCV) promoters which were express mGluR1 and green fluorescent protein (GFP). Increasing of mGluR1 protein in PCs of transgenic SCA1 mice expressing L7-4mCMV-GFP-P2A-mtTA+TRE-HA-mGluR1 and MSCV-GFP-P2A-mGluR1-WPRE was shown by registration current through TRPC3 channels which are highly dependent on mGluR1 pathways [8] .
Materials and Methods. All procedures for the care and treatment of animals were carried out according to the Japanese Act on the Welfare and Management of Animals and the Guidelines for the Proper Conduct of Animal Experiments issued by the Science Council of Japan. The experimental protocol was approved by Gunma University Animal Care and Experimentation Committee (07-015 and 04-44). All efforts were made to minimize suffering and to reduce the number of animals used in this study. In most experiments, we used transgenic SCA1 model mice (SCA1 transgenic; heterozygous B05 line carrying the human Ataxin-1 gene with an extended 82 glutamine tract under control of the PC-specific L7 promoter) and wildtype (WT) mice of both sexes of the FVB background [9] . SCA1 transgenic mice were kindly provided by Dr. Harry T. Orr at the University of Minnesota, Minneapolis, MN, USA.
Electrophysiology. Parasagittal cerebellar slices (200 μm in thickness) were prepared, and whole-cell recordings were conducted as described previously [10] . Briefly, mice were deeply anesthetized by inhalation of isoflurane (3%) and killed by decapitation. The whole brain was quickly dissected out and immersed for several minutes in an ice-cold solution containing the following (in mM): 234 sucrose, 26 NaHCO 3 , 2.5 KCl, 1.25 NaH 2 PO 4 , 11 glucose, 10 MgSO 4 , and 0.5 CaCl 2 ; pH 7.4, when bubbled with 95% O 2 and 5% CO 2 . Parasagittal slices of cerebellar vermis were obtained using a microslicer (ZERO1, Dosaka EM, Japan). The slices were maintained in an extracellular solution containing the following (in mM): 125 NaCl, 2.5 KCl, 2 CaCl 2 , 1 MgCl 2 , 1.25 NaH 2 PO 4 , 26 NaHCO 3 , 10 D-glucose, and 0.05-0.10 picrotoxin. This solution was bubbled continuously with a mixture of 95% O 2 and 5% CO 2 at room temperature for at least 45 min before starting the recordings. Whole-cell recordings were made from PCs using intracellular solution containing the following (in mM): 140 Cs-gluconate, 8 KCl, 10 HEPES, 1 MgCl 2 , 2 MgATP, 0.4 NaGTP, 0.2 EGTA (pH 7.3 adjusted with CsOH). PCs were voltage-clamped at -70 mV to record PF-mediated excitatory postsynaptic currents (EPSCs) and at -10 mV to record climbing fiber (CF)-mediated EPSCs. The passive electrical properties of the PCs were estimated using averaged traces of ~20 current responses (acquisition; low-pass filtered at 10 kHz and sampled at 50 kHz) and evoked by hyperpolarizing voltage pulses (from -70 to -75 mV, 500 ms duration). Liquid junction potentials were not corrected in this study. Analysis of electrophysiological and imaging data was performed using pClamp10 (Molecular Devices, USA), Andor iQ software (Andor Technology, UK), and Igor Pro with NeuroMatic software (WaveMetrics, USA).
Selective stimulation of CFs and PFs was confirmed by paired-pulse depression and paired-pulse facilitation of EPSC amplitudes (at a 50-ms interstimulus interval), respectively. For the recordings of mGluR1-mediated slow EPSCs, the strength of the electrical stimulation was adjusted to produce AMPA receptor-mediated fast EPSCs with an amplitude of ~500 pA. We sub se quently applied 2,3-dioxo-6-nitro-1,2,3,4-tetrahydrobenzo[f] quino xaline-7-sulfonamide (NBQX, 20 µM), an AMPAtype glutamate receptor antagonist, and slow EPSCs were elicited by applying 10 or 25 electrical stimuli to PFs at 200 Hz. To examine short-term synaptic depression (SSE -synaptically evoked suppression of excitation and DSE -depolarization-induced suppression of excitation), PF-EPSCs were recorded every 5 s. After monitoring basal PF-EPSCs for 1 min, we applied PF burst stimulation (a train of 50 stimuli at 100 Hz) to induce SSE, and a single depolarizing pulse (5 s from -70 to 0 mV) to the recorded PC for DSE induction. Amplitudes of subsequent PF-EPSCs were normalized to the mean basal value of two basal responses evoked before the induction stimulation.
For analysis of long-term depression (LTD), PF-EPSCs were monitored every 10 s. To induce LTD, we applied conjunctive stimulation which consisted of 30 single PF stimuli paired with single 200 ms depolarizing pulses (-70 to +20 mV) repeated at 1 Hz. Averaged amplitudes of PF-EPSCs over 1 min were normalized to the baseline value, which was the average of the 1 min responses (six traces) that occurred just before the conjunctive stimulation.
Adenoviral and lentiviral vectors production and cerebellar injection. Normal mGluR1 and GFP genes were inserted into a pcDNA3.1 expression vector (Invitrogen, USA) and divided by P2A element. Next, they were transferred from pcDNA3.1 into the pCL20c lentiviral vector plasmid, which expresses transgenes under control of the MSCV promoter. HIV-derived lentiviral vectors pseudotyped with vesicular stomatitis virus G protein were used in this study [10] . The backbones of the helper plasmids were derived from pCAGGS [11] . The detailed procedure for viral vector production was described in our previous reports [10] . Viral titers were assessed by counting the number of GFP-expressing cells following the transduction of HEK 293T cells [10] . We used lentiviral vector expressing MSCV-GFP-P2A-mGluR1-WPRE with the titer of 3.9±0.8·10 10 transduction units per ml (6 batches). The viral solutions were stored at 4°C and used within 1 week. Ten microliters of lentiviral vector solution were injected into the subarachnoid space over the cerebellar vermis of 1-week-old (P6-P7) anesthetized WT C57BL/6 mice. Seven days are reported to be long enough for efficient transduction after lentivirus injection [10, 12] . Most of the transduced cells were limited to PCs under control of the MSCV promoter [12] .
Production of AAV vectors. mGluR1 and GFP were specifically expressed in cerebellar PCs by PC-specific L7-4 mCMV promoter [13] . To express a therapeutic gene in PCs using adeno-associated viral vector serotype-9 (AAV9), we used L7-4 promoter, which possesses strong transcriptional activity in PCs [12] . The expression plasmids pAAV/L7-4mCMV-GFP-P2A-mtTA and pAAV/ TRE-HA-mGluR1 were obtained via enzymatic reactions using pNAV [14] . Initially, pAAV/L7-4 was generated by the insertion of the L7-4 promoter fragment with blunted-MluI and BamHI sites into blunted-XhoI and BamHI sites of pNAV. Subsequently, the GFP-P2A-mtTA cassette with blunted-NotI and BamHI sites was subcloned into pAAV/ L7-4 with blunted-EcoRI and BamHI sites.
Recombinant single-strand AAV9 vectors were generated by the cotransfection of HEK293 cells with three plasmids, pAAV/L7-4mCMV-GFP-P2A-mtTA and pAAV/TRE-HA-mGluR1, pHelper (Stratagene, USA), and pAAV2/9 (kindly provided by Dr. J. Wilson). The viral particles were purified using ammonium sulfate precipitation and iodixanol continuous gradient centrifugation as described previously [15] . The genomic titer of the purified AAV9 vector as determined by realtime PCR was 9.9·10 14 vector genomes/ml. Ten microliters of adenoviral vector solution were A.N. Shuvaev, H. Hirai injected into the subarachnoid space over the cerebellar vermis of 5-week-old (P35-38) anesthetized WT C57BL/6 mice. Most of the transduced cells were limited to PCs under control of the MSCV promoter. Rotarod test. The motor behaviour of SCA1 transgenic mice was assessed by rotarod tests with an accelerating protocol (3 min acceleration from 4 to 40 revolutions per minute (rpm)) at days 1, 2, 3 and 4. The Rota-Rod Treadmill (MK-610; Muromachi Kikai, Japan) consisted of a gridded plastic rod (3 cm in diameter, 10 cm long) flanked by two large round plates (50 cm in diameter). The accelerating speed protocol contains 4 trials, with a 30 min interval between trials. We recorded the retention time that the mice spent on the rod. The cutoff time was set to 180 s, and when the retention time (i.e., latency to fall) was over the cutoff time, the trial was interrupted and the cutoff time was recorded. The retention time was automatically measured, and time averaged across all the trials per day was used in the statistical analysis.
Biocytin infusion to PCs and immuno histo chemistry. For visualisation of PC morphology, 0.5% biocytin (Sigma-Aldrich, USA) diluted in the intracellular solution was infused by passive diffusion through a patch pipette into whole cell-clamped PCs. Cerebellar slices were then fixed with 4% paraformaldehyde. After overnight fixation at 4°C, the slices were rinsed in 0.1 M PBS adjusted to pH 7.4 (3 times, 5 min each), permeabilized and blocked with PBS containing 2% (v/v) normal donkey serum, 0.1% (v/v) Triton X-100, and 0.05% NaN 3 (blocking solution). The slices were then rinsed in 0.1 M PBS, pH 7.4 (3 times, 5 min each) and treated with streptavidin-conjugated Alexa 594 (2 µg/ml, Invitrogen, USA) for 2 h at room temperature. Visualized PC morphology was analyzed using a confocal laserscanning microscope (LSM 5 PASCAL, Carl Zeiss, Germany). The cerebellar slices were scanned at 1-μm intervals in Z-stack mode to project a whole dendritic tree onto a planar image, where the intensity of each pixel was scaled from 0 to 255 arbitrary units. Binary images of the biocytin-infused PCs were obtained by thresholding the projected images (i.e., areas brighter than 100 out of 255 arbitrary units were regarded as PC dendritic structures).
For immunohistochemistry, mice were perfused transcardially with a fixative containing 4% paraformaldehyde in 0.1 M phosphate buffer after being anesthetized deeply. The whole brain was removed and postfixed in the same fixative for 5-6 h or overnight. The cerebellar vermis was cut into 50-µm sagittal sections. The sections were treated with rabbit polyclonal anti-mGluR1α (1:300; Frontier Institute, Japan) antibodies, and then visualized with Alexa Fluor 488-conjugated donkey anti-rabbit IgG (1:1,000; Life Technologies, USA). The antibodies were dissolved in a PBS solution containing 2% (v/v) normal donkey serum, 0.1% (v/v) Triton X-100, and 0.05% NaN 3 . Confocal fluorescence images of the cerebellar slices were obtained from the corresponding region of the cerebellum for comparison.
Statistical analysis.
The results are expressed as the mean ± SEM unless otherwise specified, and n indicates the number of tested PCs. Statistical analyses of differences between the groups were performed using the unpaired t-test or one-way ANOVA followed by Tukey's post hoc test. Differences were considered significant if p<0.05.
Results. SCA1 transgenic (B05) heterozygous mice which are selectively express expanded polyglutamine chain in PCs were used in this study [9] . According to the previous works [5] , impairment of mGluR1 signaling in SCA model mice seems to be a hallmark of motor dyscoordination in the early stage of disease. To rescue SCA1 phenotype, we produced lentiviral and adenoviral vectors expressing mGluR1 and GFP proteins in a head of L7-4mCMV and MSCV promoters, respectively. Limitation of using AAV vectors is the insert capacity that should be ideally 4 kbit or less, while the capacity of lentiviral vectors is 8 kbit, almost twice as large as that of AAV vectors. For this reason we produced two adenoviral constructions (L7-4mCMV-GFP-P2A-mtTA and TRE-HA-mGluR1), which are dependently coexpress together and one lentiviral construction (MSCV-GFP-P2A-mGluR1-WPRE). We made intracortical injection of adenoviral vectors into the mature cerebella (5-week-old mice) and lentiviral vectors to immature cerebellum of P6 SCA1 transgenic mice. According to our previous works connected with lentiviral expression of different gene constructs [5] the lentiviral injection to adult cerebellum caused the formation the small expression area limited of one-two lobes close to injection field. For this reason we used P6 SCA1 transgenic mice to increase the expression area. As a control substance we injected PBS to the SCA1 transgenic mice at the same age. We used also WT littermates as a control group. Mice were analyzed after 7 and 11 weeks respectively at P84-90 which is correlated with the early stage of disease in SCA1 patients.
Expression of mGluR by adenoviral and lentiviral vectors deteriorates motor performance in SCA1 transgenic mice.
Adenovirally and lentivirally treated and PBS treated mice were tested on the accelerating rotarod apparatus. As suspected, PBS and adenovirally treated WT mice had no gait ataxia, but lentivirally treated mice showed decreasing the time of stay on a rotarod from day 3 during the experiment (p<0.01 at day 3 and 4. Asterisks indicate statistically significant differences compared with PBS injected mice as determined by one-way ANOVA followed by Tukey's post hoc test) ( Figure 1 (a) ). In the group of SCA1 transgenic mice the negative pattern of lentiviral influence was more prominent and started also from day 3 during the experiment (p<0.05 at day 3 and p<0.01 at day 4. Asterisks indicate statistically significant differences compared with PBS injected mice as determined by oneway ANOVA followed by Tukey's post hoc test) ( Figure 1 (b)). These results indicate that expression of lentiviral vectors in cerebellum has the prominent negative influence on WT and SCA1 transgenic mice.
NeuroscieNce research

Selective expression of mGluR by adenoviral and lentiviral vectors alterates development of PCs in the cerebellum of WT and SCA1 transgenic mice in vivo.
After the rotarod test, we examined the transduced area in the cerebellum and the localization of GFP and mGluR1 protein in PCs. Adenoviral infection gives very strong and generalized expression of mGluR1 and GFP almost all over the cerebellar lobes (Figure 2 (a) ). While the lentiviral infection in adult mice can just affect two or three lobes closed to injection point (data is not shown). But injection to immature brain significantly increases strength and area of expression ( Figure 2 (b) ). In a comparison with PCs treated with PBS the PCs expressing the mGluR1 and GFP are smaller and have an impaired form of the dendritic tree (Figure 2 (a) , (c)).
Electrophysiological analysis of PC sizes revealed significant differences in size of dendritic tree in PCs of WT PBS treated and WT adenoviral treated animals (p<0.05 in total size and p<0.01 in size of dendritic tree. Asterisks indicate statistically significant differences compared with PBS injected PCs as determined by an unpaired t test) (Figure 2 (d) and Table 1 ). In SCA1 transgenic group of mice the negative effect was more prominent. The total size of PCs treated with adenoviral and lentiviral vectors was significantly smaller than PBS treated one (p<0.01 and p<0.05, respectively. Asterisks indicate statistically significant differences compared with PBS injected PCs as determined by one-way ANOVA followed by Tukey's post hoc test) (Figure 2 (e) and Table 1 ). Size reduction of PCs was because of reduction of dendritic tree (p<0.01 and p<0.05, respectively. Asterisks indicate statistically significant differences compared with PBS injected PCs as determined by one-way ANOVA followed by Tukey's post hoc test) (See Figure 2 (e) and Table 1 ).
This finding shows the prominent negative effect of adenoviral and lentiviral expression of mGluR1 and GFP on PCs in vivo. This phenomenon could be explained not only by alteration of PCs maturation during brain development but also by involution processes in developed PCs.
Impairment of basic synaptic transmission in PF and CFPC synapses in cerebellum adenovirally and lentivirally expressing exogenous mGluR1 protein.
Then we examine the basic synaptic transmission in PF-and CF-PC in cerebellum adenovirally and lentivirally expressing mGluR1 and GFP. According to the strong correlation of dendritic tree size and general electrophysiological properties we suspected that small size of the PCs could lead to increasing the amplitude and rise and decay time of EPSCs in gene expressing PCs. We found that the most affected PCs are those adenovirally expressing mGluR1. SCA1 trangenic PCs expressing L7-4mCMV-GFP-P2A-mtTA and TRE-HA-mGluR1 has significantly bigger amplitude, and decreased rise and decay time of PF-EPSCs in comparison with PBS treated one (p<0.05. Asterisks A.N. Shuvaev, H. Hirai Table 2 ). WT and SCA1 trangenic PCs expressing MSCV-GFP-P2A-mGluR1-WPRE was less affected (Figure 3 (a) , (d)), but also we found decreasing the rise time in comparison with PBS treated PCs (p<0.05. Asterisks and cross indicate statistically significant differences compared with PBS injected PCs as determined by oneway ANOVA followed by Tukey's post hoc test) (See Table 2 ). It is interesting that adenoviral expression of mGluR1 is affected not by the paired pulse facilitation, but impaired paired pulse depression in PCs of SCA1 transgenic mice (p<0.05. Asterisks and cross indicate statistically significant differences compared with PBS injected PCs as determined by one-way ANOVA followed by Tukey's post hoc test) (Figure 3 (e) and Table 3 ).
This finding shows that overexpression of exogenous mGluR1 protein by lentiviral and especially adenoviral vectors disrupt basic synaptic transmission in PF and CF synapses in WT and SCA1 transgenic PCs.
Restoration of slow EPSC amplitude by adenoviral and lentiviral expression of transgenic mGluR1 protein.
Activation of mGluR1 causes the opening of a nonselective transient receptor potential channels canonical type 3 (TRPC3) in PCs [8] , which can be electrophysiologically recorded as a slow EPSC. Thus, this dependency TRPC3 channels from mGluR1 signaling can nicely show the real function of exogenous mGluR1 which was selectively express in PCs by adenoviral and lentiviral infection. According to our previous protocol we evoked slow EPSC by PF burst stimulation (10 or 25 pulses at 200 Hz) in the presence of NBQX (20 µM) to block AMPA receptor-mediated fast EPSCs [16] .
In WT animals the endogenous mGluR1 expression seems to be saturated. For this reason, expression of MSCV-GFP-P2A-mGluR1-WPRE in WT PCs leads to nonsignificant enhancement of slow EPSC amplitude. The amplitudes of slow EPSCs evoked by 10 stimuli at 200 Hz were 251.2±101.4 pA (n=10 PCs from 3 PBS treated mice) and 264.7±69.2 pA (n=8 PCs expressing MSCV-GFP-P2A-mGluR1-WPRE from 3 animals) (Figure 4 (a) ). Increasing the number of PF stimulations (25 stimuli at 200 Hz) produced larger slow EPSCs in PBS treated PCs (350.5±110.4 pA, n=10 cells from 3 mice) and in PCs expressing MSCV-GFP-P2A-mGluR1-WPRE (495.6= 89.6 pA, n=8 cells from 3 mice) (Figure 4 (c) ). In both stimulation protocols, transgenic expression of mGluR1 did not significantly increase the amplitude of slow EPSCs (p>0.05, as determined by an unpaired t test).
In contrast, the restoration of mGluR1 dependent slow EPSC was more prominent in PCs of SCA1 transgenic mice. The amplitudes of slow EPSCs evoked by 10 stimuli at 200 Hz were 39.9±8.6 pA (n=11 PCs from 3 PBS treated mice), 153.2±44.0 pA (n=15 PCs expressing L7-4mCMV-GFP-P2A-mtTA and TRE-HA-mGluR1 from 4 animals) and 133.8±55.5 pA (n=10 PCs expressing MSCV-GFP-P2A-mGluR1-WPRE from 3 animals) (p<0.05. Asterisks indicate statistically significant differences between adenoviral and PBS treated PCs as determined by one-way ANOVA followed by Tukey's post hoc test) (Figure 4 (b) ). Increasing the number of PF stimulations (25 stimuli at 200 Hz) produced larger slow EPSCs in PBS treated PCs (77.5±18.5 pA, n=11 cells from 3 mice), PCs expressing L7-4mCMV-GFP-P2A-mtTA and TRE-HA-mGluR1 (256.0±71.5 pA, n=15 cells from 4 animals) and in PCs expressing MSCV-GFP-P2A-mGluR1-WPRE (292.9=106.2 pA, n=10 cells from 3 mice) (p<0.05. Asterisks and cross indicate statistically significant differences as determined by one-way ANOVA followed by Tukey's post hoc test) (Figure 4 (d) ).
This data indicate that we succeeded to express transgenic mGluR1 and this transgenic mGluR1 is functional and takes part in metabolic processes in PCs.
Partial restoration of endocannabinoid dependent synaptic plasticity at cerebellar synapses by adenoviral and lentiviral expression of mGluR1 selectively in PCs. The synaptic activation of mGluR1
A.N. Shuvaev, H. Hirai at PF-PC synapses induces the local release of endocannabinoid from PCs [7, 17] . The released endocannabinoid acts retrogradely on cannabinoid receptors on presynaptic PFs and then suppresses glutamate release from PF terminals for tens of seconds [7, 17] . We examined this type of short-term plasticity, termed SSE, by monitoring AMPA receptor-mediated fast EPSCs at PF-PC synapses after PF burst stimulation to induce SSE [4] . In our previous study we show that the functional impairment of mGluRs and SSE disruption are prominent at 12 weeks of age in SCA1 transgenic mice [5] . The SSE measured in WT mice treated with PBS and MSCV-GFP-P2A-mGluR1-WPRE was similar ( Figure 5 (a) ), whereas in SCA1 transgenic mice it was reviled restoration of SSE in PCs adenovirally and lentivirally expressing mGluR1 protein. We reviled prominent suppression of PF-EPSC amplitudes in PCs expressing L7-4mCMV-GFP-P2A-mtTA and TRE-HA-mGluR1 and MSCV-GFP-P2A-mGluR1-WPRE while in SCA1 transgenic PCs treated with PBS we saw slight facilitation of PF-EPSC ( Figure 5 (b) ). To exclude the possibility of multidependent endocannabinoid release during SSE, we examined the mGluR-independent form of endocannabinoid-mediated retrograde signaling, i.e., DSE. For DSE, endocannabinoid release from PCs is driven solely by an exceptionally large increase in intracellular calcium (in the range of a few micromolar), which is induced by depolarization and does not rely on activation of mGluRs [17] [18] [19] [20] . In our case, DSE was observed in all groups of WT and SCA1 transgenic and we did not find any difference in strength and prolongation of DSE (Figure 5 (c) and (d) ).
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These findings indicate that adeno-and lentiviruses was express selectively in PCs and did not affect the presynaptic site. Overexpression of transgenic mGluR1 protein and the intact presynaptic site made normal release of endocannabinoids and partial restoration of SSE possible. Impaired LTD expression in PCs expressing expanded ATXN1. Also, the LTD of fast EPSCs at PF-PC synapses requires postsynaptic mGluR1 signaling in PCs [7, 21] . In our previous work we found impaired LTD in PCs of 12 week old SCA1 transgenic mice [5] . We therefore examined LTD in PCs adenovirally and lentivirally express transgenic mGluR1 protein. LTD was induced at PF-PC synapses in WT mice treated with PBS (values normalized to the basal response 30 min after induction: 69.4±6.1%, n=5 from 5 mice) to the same degree as in WT mice treated with MSCV-GFP-P2A-mGluR1-WPRE (70.1±2.1%, n=5 from 5 mice) ( Figure 6 (a) ). In all groups of SCA1 transgenic mice basal response 30 min after LTD induction was abnormal without any statistical differences between them (95.2±3.2%, n=5 from 5 SCA1 transgenic mice treated with PBS; 95.2±3.8%, n=5 from 5 SCA1 transgenic mice treated with L7-4mCMV-GFP-P2A-mtTA and TRE-HA-mGluR1 and 98.9±2.6%, n=5 from 5 SCA1 transgenic mice treated with MSCV-GFP-P2A-mGluR1-WPRE) ( Figure 6 (b) ). But during first 15 min after LTD 
induction the kinetics of PF-EPCS amplitudes of SCA1 transgenic PCs adenovirally and lentivirally expressing mGluR1 protein were different from PCs treated with PBS. We found very fast reversion of PF-EPSCs to the basal level at 4 th min in PCs treated with L7-4mCMV-GFP-P2A-mtTA and TRE-HA-mGluR1 and at 5 th min in PCs treated with MSCV-GFP-P2A-mGluR1-WPRE. The PF-EPSCs at 5 th min after LTD induction were 87.6±5.3% (n=5 from 5 SCA1 transgenic mice treated with PBS), 97.8±2.0% (n=5 from 5 SCA1 transgenic mice treated with L7-4mCMV-GFP-P2A-mtTA and TRE-HA-mGluR1) and 102.9±6.1% (n=5 from 5 SCA1 transgenic mice treated with MSCV-GFP-P2A-mGluR1-WPRE) (p<0.05. Asterisks and cross indicate statistically significant differences as determined by one-way ANOVA followed by Tukey's post hoc test) ( Figure 6 (b) ). This result suggests that viral expression of mGluR1 failed to restore LTD in SCA1 transgenic mice in spite of overexpression of this protein in PCs. Moreover we found negative effect and aggravation of LTD during first 15 min after induction. Discussion. In our previous work we found that SCA1 mice show prominent functional impairment of mGluRdependent signaling such as slow EPSCs, synaptic plasticity (SSE and LTD) and dendritic Ca 2+ signals at 12 th postnatal week, prior to PC death. According to these findings we produced adenoviral and lentiviral vectors expressing mGluR1 to rescue ataxic phenotype in SCA1 transgenic mice. We suspected that transgenic mGluR1 protein can substitute the insufficient amount of endogenous one and restore the main types of synaptic plasticity in PCs which are highly involved in motor coordination. We succeeded to express mGluR1 and GFP selectively in PCs with a help of our constructions (See Figure 2 (a) , (c) and Figure 4 ) but observed strong side effect. Unfortunately, instead of enhancement of mGluR1 signaling by activation of TRPC3 channels and SSE restoration, we found the time shortening of stay on the rotarod, distortion of PC morphology and failure of LTD rescue. Previously, different authors and our group showed that adenovirally and lentivirally GFP expression in a head of MSCV and L7 promoters is not changing the morphological and electrophysiological properties of PCs and behavioral phenotype of the transgenic animals [16, [22] [23] [24] . For this reason explanation of discovered phenomenon could be in the field of transcription of essential for PCs proteins, such as mGluR1, PcP2, calbindin, IP3 etc. Transcription of genes which are encoded these proteins is highly dependent on transcription factor RORα [2] (Figure 7 ). In physiological condition Ataxin 1 with the normal length of polyglutamine acts as a coactivator of transcription factor RORα. In SCA1 patients and model animals mutant Ataxin 1 fail the opportunity to connect with RORα and it leads to RORα degradation. In the case of transgenic expression of our lentiviral and adenoviral constructions in normal and pathological conditions, the amount of target genes is dramatically increasing, but the amount of RORα is not. For this reason we can suspect that abnormal occupation of RORα capacity by transgenic gene encoded mGluR1 leads to decreasing of other protein production such as IP3, calbindin, pcp2 etc. Pcp2 and calbindin are essential for PCs growth, differentiation and mice behavior [25, 26] . For this reason we can explain the decreasing of PC size and especially size of the dendritic tree in animals expressing transgenic mGluR1 (See Figure 2) . Moreover, according to our rotarod results (See Figure 1 (b) ), we suspected that expression of transgenic mGluR1 started in immature cerebellum will have a more prominent effect than in matured cerebellum. But we found that adenovirally treated PCs were smaller than lentivirally treated one (See Figure 2 (e) ). Our findings show that side effect of transgenic expression of mGluR1 is connected not only with maldevelopment during ontogenesis but also with involution of adult PCs.
It is interesting that selective expression of transgenic mGluR1 in PCs did not affect the presynaptic site which leads to the normal release of endocannabinoids and restore of SSE in SCA1 transgenic mice (See Figure 5 (b) ). But the failure of LTD restoration in SCA1 mice in the presence of transgenic mGluR1 could be explained by alteration of mGluR1 dependent pathway triggering the LTD. One player from this pathway is IP3 which is involved in Ca 2+ release from the internal store and regulates the synaptic plasticity such as LTD [27] . Also it is interesting that in WT mice expressing transgenic mGluR1 the side effect is milder than in SCA1 mice in the same conditions (See Figure 1, Figure 3 (a), (b), (e) and Figure 6 (a), (b) ). These data shows that in SCA1 mice, partially degraded RORα, dramatically worsening the abnormal occupation effect of the transgenic mGluR1 gene in PCs. Totally our data shows that gene therapy by itself has its own complicity and ambiguousness of virus therapy benefit. Expression of transgene connected with numerous additional factors which should be studied before its introduction to the clinic and patient treatment.
Conclusion. Unfortunately we found the negative behavior effect of virus expression in mice cerebellum. Also it was shown that expression of these virus constructions leads to maldevelopment of PCs especially decrease of its dendritic arborization. From another side negative influence of mGluR1 overexpression did not spread to presynaptic site of PCs and we saw the rescue of short-term plasticity between PF and PC connected with endocannabinoid release in SCA1 transgenic mice. These virus constructs with overexpression of mGluR1 was not rescue the long term depressionthe essential form of synaptic plasticity. Enhancement of A.N. Shuvaev, H. Hirai In presents of exogenous mGluR1 gene construct the constant amount of RORα starts to trigger the big amount of mGluR1 transcription and is not able to produce sufficient amount of proteins essential for cell growth and proliferation. In immature PCs (b) it prevents proper proliferation of PCs. In mature PCs (c) it leads to involution of PCs main structures, such as soma and dendrites mGluR1 signaling by gene expression, led just to limited improvement of synaptic plasticity, but has prominent negative effect as alteration of motor performance, maldevelopment of PCs and worsening of long term depression in SCA1 transgenic mice. These results suggest that gene therapy by itself has its own complicity and ambiguousness of virus therapy benefit.
